volume 18 | number 11 | november 2015 nature neuroscience n e w s a n d v i e w s researchers could derive functional connectivity estimates. As an approach, it is not without limitations 14 . Intrinsic estimates of brain activity occur in the context of accompanying cognitive processes-for example, internally directed mental operations-and the coactivation of associated regions. Although unmeasured during 'rest' , mental activity and coupled behaviors (for example, eye movement, mind wandering and attentional deployment) could systematically differ across subgroups in the population. When interpreting analyses of resting-state data, readers should consider that observed associations with behavior could arise from underlying differences in stable properties of brain organization and/ or individual differences in transient task-or state-dependent factors.
volume 18 | number 11 | november 2015 nature neuroscience n e w s a n d v i e w s researchers could derive functional connectivity estimates. As an approach, it is not without limitations 14 . Intrinsic estimates of brain activity occur in the context of accompanying cognitive processes-for example, internally directed mental operations-and the coactivation of associated regions. Although unmeasured during 'rest' , mental activity and coupled behaviors (for example, eye movement, mind wandering and attentional deployment) could systematically differ across subgroups in the population. When interpreting analyses of resting-state data, readers should consider that observed associations with behavior could arise from underlying differences in stable properties of brain organization and/ or individual differences in transient task-or state-dependent factors.
Perhaps no other subject in psychology has provoked more debate and controversy than the study of human intelligence and the associated concept of a unitary factor that might broadly support behavior and cognition. Casting a wide phenotypic net and examining the associated array of behaviors in relation to the full intrinsic functional connectome, Smith et al. 2 identify a single mode of population covariation. Spread along a positive-negative axis, the observed results suggest the potential for a general mode of positive brain function associated with a specific pattern of networklevel connectivity. There will undoubtedly be numerous questions arising from this work, ranging from the generalizability of observed effect across imaging modalities and populations to the potential existence of sub-axes. Nonetheless, these findings highlight the utility of computationally sophisticated, wellpowered discovery science in the search for patterns of population covariation that link brain function with suites of demographic, cognitive and behavioral phenotypes.
For most ion channels, the size of the pore appears to be fixed once the channel has opened. Some exceptions to this are clearly documented, most notably in the form of rare and transient 'subconductance' states 1 . In general, however, such states either have the same ionic selectivity as the main open state or are occupied so briefly that they are unlikely to have any physiological relevance. In this context, the apparent behavior of a group of ligand-activated cation channels is remarkable. In these channels-including P2X2 (refs. )-the pore of the channel seems to undergo a striking increase in permeability to large molecules in a time-dependent manner. This has been referred to as pore dilation. As with almost all dynamic behavior of channels, the evidence for pore dilation has been based on inferences from electrical recordings of currents through the channels: in this case, the primary observation suggesting pore dilation is an apparent timedependent change in the permeability ratio of large cations, such as N-methyl-d-glucamine (NMDG) or Tris, relative to small cations, such as sodium or potassium. In whole-cell patch-clamp recordings with an internal solution containing mainly sodium cations and an external solution containing NMDG, the reversal potential when channels are first activated by ligands is initially very negative, suggesting low permeability of NMDG + relative to Na + , but shifts to progressively more depolarized values over seconds, suggesting an increase in NMDG + permeability. If recorded at a constant voltage in between the two reversal potentials, the current is first outward (carried by Na + ) and then inward (carried by NMDG + ).
Li et al. 7 propose a completely different explanation for this behavior: that the timedependent change in reversal potential, although very real, is not caused by a time-dependent change in channel permeability, but rather by a dramatic change in the ion concentrations inside the cell such that, for example, intracellular Na + falls from 140 mM to 20 mM and intracellular NMDG + increases from 0 mM to 200 mM. These changes are especially striking given that the intracellular solution is in constant contact with an essentially infinite reservoir of solution with the original composition, exchanged through the open pipette tip of the patch-clamp pipette in whole-cell mode. The reason that they occur, according to a detailed model that Li et al. 7 present to support their interpretation, is that, with high enough expression of channels in the membrane, cumulative exit of sodium ions through all the channels in the cell is much faster than the ions can be replenished from the pipette, and, similarly, entry of NMDG + through channels occurs faster than NMDG + can diffuse into the pipette.
In addition to supporting their new interpretation by modeling, Li et al. 7 present a number of experiments most easily explained by their interpretation. For example, they found that no change in reversal potential is seen if the channels are activated for many seconds with symmetric Na + concentrations and then tested with the NMDG + out /Na + in condition. And, perhaps most convincingly, the authors found that the change in reversal potential occurring with NMDG + out / Na + in can be reversed if external NMDG + is replaced temporarily by external Na + . They also support their modeling by making measurements of the depletion of intracellular K + using coexpressed potassium-selective channels.
The phenomenon of time-dependent changes in reversal potential resulting from unexpected changes in concentration of permeant ions has a long history.
npg n e w s a n d v i e w s
Frankenhaeuser and Hodgkin 8 proposed that a time-dependent depolarizing shift in the reversal potential of the delayed-rectifier conductance of the squid giant axon, and a similar depolarizing shift in the afterhyperpolarization of repetitive action potentials, could be explained by accumulation of potassium ions in a restricted space between the axon and its Schwann cell sheath and provided a detailed model accounting quantitatively for the phenomenon. However, although it is easy to see how a concentration of ions that starts off low can increase substantially by accumulation in a restricted space, it is much less intuitive that ions with an initial concentration of 140 mM in the relatively large volume of a cell can be depleted substantially by flow through membrane channels, especially in a cell whose contents are in contact with a huge reservoir of the same solution in a patch pipette. Yet the data and model of Li et al. 7 convincingly argue that this can occur. In fact, evidence that apparent changes in reversal potential can result from ion depletion in internal solutions during whole-cell recordings was described 15 years ago by Frazier et al. 9 in studies of voltage-dependent potassium channels, although in that case the absolute concentration changes involved were much smaller.
It is important to emphasize that the reinterpretation offered by Li et al. 7 does not question that P2X, TRPV1 and other channels are unusual in having large pores that can permeate very large cationic molecules. Rather, the re-interpretation is that the permeability to large cations is present immediately on activation of the channel and with the same time course as permeability to small cations. This is consistent with other measurements showing immediate activation of currents carried by large cations in TRPV1 channels 10 . A wealth of evidence showing entry of high-molecular-weight fluorescent dyes through P2X (refs. 2-4,11,12) and TRPV1 (ref. 5) channels is also not in question; sometimes there is an apparent delay in entry, but it is hard to know whether this reflects delayed entry or a threshold for detection.
The experiments and model provided by Li et al. 7 make a convincing case that remarkably large-scale changes in intracellular ion concentrations can occur as a result of membrane current flowing during whole-cell recording and can produce changes in reversal potential of the type that have been interpreted as pore dilation. Of course, this does not prove that genuine pore dilation cannot occur. Li et al. 7 analyzed only P2X channels and only under particular experimental conditions. Considering the long history of experiments interpreted in terms of pore dilation, now dating back 16 years, and the detail and complexity of some of the protocols and models used to support it 12 , it may be unlikely that all interested scientists will be immediately convinced that the concept is dead, and many workers are likely to carefully scrutinize the conditions, protocols and model of Li et al. 7 . One can imagine experiments that could show pore dilation more directly, including time-dependent changes in single-channel currents, especially those carried by large cations, or finding single-channel conductances that depend on ligand concentration. Showing time-dependent changes in reversal potential under conditions in which changes in ion concentrations should be minimal, such as with low expression levels of channels or perhaps with planar membranes with compartment geometries less susceptible to ion depletion, could also be convincing. Refining our electrophysiological understanding of ion permeation of P2X and TRP channels is particularly timely because the recent acceleration of progress in obtaining high-resolution structures by cryo-electron microscopy has already started to provide structures of these and related channels in open states 13, 14 , opening an entirely new avenue for understanding permeation in these fascinating channels.
Communication between neurons is enabled by synapses, where the axonal presynaptic terminal of one neuron aligns with the postsynaptic membrane of another neuron. Synaptic transmission and plasticity are critical for perception, thinking, learning and memory, and response to environmental changes. Their dysfunction is a pathophysiological mechanism of various neuropsychiatric disorders, including intellectual disability, autism and schizophrenia. Proper development of synapses requires enlistment of both proteins for neurotransmitter release on the presynaptic membrane and proteins for postsynaptic membrane differentiation. It is evident that the concentration of neurotransmitter receptors and regulatory signaling complexes at the postsynaptic membrane is regulated by scaffold proteins beneath the synapse. Such proteins include postsynaptic density (PSD)-95, a prototypical member of the membrane-associated guanylate kinase (MAGUK) family. PSD-95 is abundant in the brain and concentrated in the PSD 1 . It has been implicated in forming and maintaining excitatory synapses [2] [3] [4] [5] [6] [7] [8] and in regulating synaptic strength and plasticity by interacting with synaptic proteins, including glutamate receptors 5, 9 . A critical, yet unsolved, question is what signal guides PSD-95 to the npg
